Theoretical as well as observational studies suggest that the stellar initial mass function (IMF) might become top heavy with increasing redshift. Embedded cluster mass function is a power law having index β, whose value still remains controversial. In the present work, we investigate the effect of evolving IMF and varying indices of β for the integrated galactic initial mass function, in relation to several measures of star formation rates of galaxies at various redshifts by random simulation. The resulting IGIMF is segmented power law at various redshifts having slopes α 1,IGIMF and α 2,IGIMF with a turnover at a characteristic mass m c ′ . These differ from the stellar initial mass functions with slopes α 1,IMF , α 2,IMF , and characteristic masses m c for different values of redshift z, β, minimum and maximum masses of the embedded clusters.
INTRODUCTION
The form of stellar initial mass function is of considerable debate in the present era as it describes the nature of stellar population, the ratio of high mass to low mass stars and influences the dynamical evolution of star clusters as well as star formation history of the whole galaxy. Usually it is derived using observed luminosity function together with an assumed mass-to-light ratio for the stars under consideration. Generally, IMFs, as suggested by various authors, are either of Salpeter type (Salpeter 1955) or consists of segmented power laws (Scalo 1986; Kroupa 2001; Chabrier 2003) with a turnover at some characteristic mass mc. The power law slope at high masses is probably close to the Salpeter value (Salpeter 1955) with dN dm ∝ m −α , α = 2.35 with an uncertainty ∼ 0.3 (Chabrier 2003) . The form of IMF at present time is more or less Universal (there are evidences of mass segregation to some extent in young massive clouds (Zwart et al. 2010 and references there in) and some variations in star burst galaxies (Gunawardhana et al. 2011 )) compared to bottom heavy IMF in massive ellipticals and there is no direct evidence for rapid variation of IMF within Milky Way disc (Kroupa 2001; Chabrier 2003) . This does not exclude the possibility of variation of IMF with time (hence redshift), metallically or environment. In a work Larson (Larson 2003; Larson 2005) has argued that the characteristic mass is primarily determined by Jeans mass which depends on the temperature. Hence, with the increase of temperature (cosmic microwave background temperature was higher at higher redshift), one might expect that low mass star formation is disfavored resulting in a top heavy IMF with a temperature scaling with redshift as (1 + z). Therefore at sufficiently high redshift, mass scales as (1 + z) M ecl,max = 8.5 × 10 4 × SF R 0.75
(1) Weidner et al. (2013) have suggested a time dependent IMF for elliptical galaxies to account for an excess of low mass stars in these galaxies. They modeled the SFR as a function of time. The SFR reaches a maximum initially and then asymptotically reduces to zero with time. Similar trend of SFR has also been found for various elliptical galaxies as a function of redshift (Spaans & Carollo 1997) . Various theoretical models for star formation are difficult to testify c 2012 RAS as current observational result from cosmological studies do not measure IMF slopes and SFRs for individual galaxy but study indirect evidence for whole populations and average the results over the galaxy luminosity function. Smit et al. (2012) have computed the SFR function which is a Schechter function (Schechter 1976), using a characteristic SFR parameter denoted by SFR * . In their work SFR * values are calculated for z ∼ 0 − 8, using ultra violet (UV) luminosity function parameters from Bouwens et al. (2007 Bouwens et al. ( , 2011 , and are compared with similar parameters calculated by various authors (Reddy & Steidel 2009; Reddy et al. 2008; Bell et al. 2007; Magnelli et al. 2011; Sobral et al. 2012) .
In the present problem we have replaced the SFR in equation (1) by several significant measures of SFR, e.g. SFR1, SFR2, SFR3 and SFR * which correspond to the first, second, third quartiles and characteristic value of log10SFR distribution computed by Smit et al. (2012) . The first three measures have been computed from the normalized log10SFR distribution (Smit et al. 2012 ) as a function of z and the last one is given in Smit et al. (2012) as a function of z. All the four values satisfy tapered power law function (viz. subsection 2.1). As a result M ecl.max becomes a function of z in all four cases. The significance for the use of the above three quartiles and characteristic star formation rate and their derivation have been discussed in detail in sub section 2.1.
In the work by Chattopadhyay et al. (2011) , the authors have considered the random fragmentation of young massive clouds in our Galaxy as well as in external galaxies. There they found no correlation between the maximum mass of a star to its embedded cluster mass. Existence of a correlation between the above two affects the star formation history of the cloud. Low mass clouds do not have enough mass to form high mass stars (Bruzual& Charlot 2003; Larson 2006; Weidner et al. 2007; Weidner et al. 2010) . Formation of massive stars is possible if they accrete their masses from surrounding. On the other extent, in massive clouds, once the high mass stars are formed, their ionizing radiation removes remaining gas (Weidner et al. 2006 ). This stops formation of low mass stars. This fact is reflected in some observations (Weidner et al. 2010 and references therein).
In contrast, the recent observations by Maschberger& Clarke (2008) and Parker & Goodwin (2007) included several examples of low mass clusters containing high mass stars. Corbelli et al. (2010) found that for YMCs of M33, such strict correlation does not exist. Moreover unresolved binaries play an important role. Elmegreen (2006) argued that clusters are built stochastically: the large amount of molecular gas present in the star formation region allows high mass stars to form even in a low SFR region i.e, the entire range of masses (0.01M to 150M ) is possible even in a low SFR region. Andrews et al. (2013) studied the dwarf star burst galaxy and found no such correlation between maximum mass of star with cluster mass. Furthermore previous observations included very small numbers of YMCs (∼ 10 5 − 10 6 M ) (viz. ∼ 10% Weidner et al.2013),
for which any such correlation is difficult to predict. et al. (2013) have argued that simulated sampling is not in contradiction of a possible mmax − M ecl correlation and it depends on the star formation process and the assumed definition of stellar cluster. Hence considering all aspects, we have not assumed any such correlation but only the scenario that massive clouds have a general tendency to form massive stars and have taken the minimum and maximum mass of fragments to be 0.1M (Hass & Ander 2010) and 150M respectively.
Cerviño
In the present work, we have considered the resulting integrated galactic stellar mass function (IGIMF) as a function of redshift due to random fragmentation of embedded clusters of various masses present in that parent galaxy. Section 2 describes the model with model parameters. Section 3 describes the method. Sections 4 and 5 give results and conclusion.
THE MODEL
In the present model, the star formation scenario of a galaxy has been considered. A galaxy consists of molecular clouds of various masses and each cloud, under gravitational instability undergo hierarchical fragmentation (Hoyle 1953 ) giving rise to a number of fragments of various masses. These fragments ultimately form stars and we get what we call stellar initial mass function of these star clusters embedded into the molecular clouds. For simplicity we have assumed that the IMF, in each parent cloud has the same distributional form and this is a segmented power law of the form
where mmin and mmax are the minimum and maximum masses of the stars, mc is the characteristic mass at which the turnover occurs. The values of A and B are calculated as follows: Since ξIMF is a probability density function, we have the normalization condition,
Also the IMF is continuous at mc. Hence the continuity condition gives Am
Then from equation(3)
Substituting the value of A from equation (4) we get,
Then using B from equation (5) 
where D is determined from the condition that at z = 0, mc = 0.3M (Larson2005). The choice of the above relation is not arbitrary but has a strong physical ground. The influence of temperature on the Jeans mass (Jeans 1902) is very well known phenomenon. Larson (1998 Larson ( , 2005 has discussed that characteristics turnover mass may be primarily determined by thermal Jeans mass which is strongly influenced by temperature (∼ T 3/2 ) at fixed density. Hence it is expected that environment, where heating occurs through far infrared radiation, disfavors formation of low mass stars. Such extreme environments really occur in the super clusters at the centre of Milky Way. Some young super clusters at the centre of M82 really appear to have a top heavy IMF (e.g. Rieke et al.1993; McCrady et al. 2003) along with those at the centre of our Galaxy (Stolte et al. 2005; Maness et al. 2007 ). The mass functions in these super clusters also have the additional effects of complex dynamical phenomena which make them top heavy over time Kim et al. 2006; Harayama et al. 2008) . At the initial stage of star formation in giant as well as in dwarf galaxies the star formation occurs in 'burst' rather than through a continuous process (Steidel et al. 1996; Blain et al. 1999; Lacey et al. 2008) . This means IMF becomes more and more top heavy at redshifts 1 -3 and beyond. Also at high redshift the metallicity was lower in star forming clouds. Thus initially cooling process was not efficient which may lead to an extremely top heavy IMF for the first generation stars (Abel et al. 2002; Bromm et al. 2002) . Hence IMF may depend on redshift. Cosmic microwave background temperature (CMB) plays a significant role for increasing the temperature of the medium which scales as (1 + z). Beyond z ∼ 2, the CMB temperature exceeds the temperature of the Galactic molecular clouds (Evans et al. 2001; Tafalla et al. 2004) . Hence it can be speculated that the characterstic mass mc ∼ T 3/2 at fixed density, varies with redshift as (1 + z) 3/2 , at high redshift leading to a top heavy IMF (Larson 1998). The effect becomes more pronounced when pressure is taken into account and Larson (2005) has shown that at z = 5, mc becomes higher by an order of magnitude than its present value. The direct evidence of a top heavy IMF at high redshift is very rare though there are few observations e.g. blue rest frame ultra violet colours of galaxies at z ∼ 6 may imply a top heavy IMF (Stanway et al. 2005) . Tumlinson (2007) finds that the properties of carbon enhanced metal poor stars in our Galaxy are best explained by relatively large number of stars in the mass range 1 -8 M⊙ at high redshift.
The maximum mass of the embedded cluster M ecl,max has been assumed as a function of redshift as discussed in Section 1 and equation (1). The ECMF is assumed as
where M ecl,min is the minimum mass of embedded cluster. The value of index β is around 2 (Zhang & Fall 1999; de Grijs et al. 2003; McCraday & Graham 2007) . Some studies also suggest flatter slopes like 1.8 (Dowell et al. 2008) . The mass spectrum of giant molecular clouds shows, β ∼ 1.7 (Rosolowsky 2005) . In the present work we have considered β ranging from 2 to 2.6. The lower limit of embedded cluster is considered as a parameter having values 500 and 1000 M respectively. The value of the constant E in equation (7) is determined assuming a galaxy mass of 5 × 10 11 M , whose 30 percent mass has been exhausted due to star formation (Lada et al. 1984; Elmegreen & Clemens 1985; Verschueren et al. 1982) . i.e.,
Then the integrated galactic initial mass function (hereafter IGIMF) as a function of fragment mass m and redshift z, is the collection of all IMFs of all the parent clusters (Kroupa & Weidner 2003; Weidner & Kroupa 2005; Vanbeveren 1982 ) which is,
All the values of the parameters considered are listed in Table 1 .
Various measures of star formation rate
To compute various measures of SFR as a function of redshift (z) we start with the star formation rate function φ(SFR) derived by Smit et al.(2012) which is,
dSF R SF R * (10) Where φ * SF R , αSF R and SFR * are various Scechter parameters given as a function of z in Tables 2 and 3 of Smit et al. (2012) .
At first step we convert log10φ(SFR) to a density function at each z dividing by ,
where log10SFRmax is the maximum value of log10SFR at a particular z, taken from Fig.2 of Smit et al. (2012) for z = 4, 5, 6, 7. For other values of z the values of log10SFRmax were found by plotting the function. The lower boundary is not strictly zero and it includes negative values also ( Fig. 2 of Smit et al. 2012 ) but the number of observations for negative values of log10 SFR decreases and for z ∼ 6 , 7 (viz. Table 1 of Smit et al. 2012) it is just one. So the negative part of log10 SFR contribution is insignificant compared to positive part on the basis of observational range. Therefore we limited our study of log10 SFR from 0 to log10SFRmax due to lack of observational points for the negative part and we have worked with available observational range.
Then the c.d.f of log10SFR distribution is given by
In equation (12) when the LHS is 0.25 then the corresponding value of log10SFR is log10SFR1 i.e. the first quartile. This is a point such that at this point 75 % of the galaxies have log10SFR > log10SFR1 and remaining 25 % of the galaxies have log10SFR log10SFR1 at a particular z. Similarly we have values of log10SFR1 for different z for different values of log10φ * SF R , αSF R and log10SFR * at different z given in Tables 2 and 3 of Smit et al. (2012) . We fit the values of log10SFR1 at different z by a tapered power law function. We repeat the above process for values of c.d.f as 0.5 and 0.75 and we get log10SFR2 and log10SFR3 as function of z. The fitted tapered power law functions against log10SFR1, log10SFR2, log10SFR3, log10SFR
* are shown in Figs 1 -4 along with their p-values. We have not only fitted tapered power law but also performed the goodness of fit test for which the p-values are much higher (more than 0.25). Hence we can accept the null hypothesis (the tapered power law is a suitable curve). The significance of constructing these quartile points and log10 SFR * as function of z is that we will have a clear view how SFR of most of the galaxies vary with redshift. Among all SFR2 is the most representative measure because log10SFR2 is the median value of log10SFR distribution.
METHOD: MONTE CARLO SIMULATION
To generate a sample of embedded cluster masses from power law with a given range of values it can be considered as truncated Pareto distribution. For this we have used the standard method of inverting the cumulative distribution function (cdf). Let X be a random variable with probability density function (pdf) f(x) and cdf F(x), where
We know that the cdf F(x) follows Uniform distribution over the range (0,1). Hence a simulated value x of X can be obtained by solving the equation F(x) = r, where r is a random fraction. Thus one simulated value is given by x = F −1 (r). Corresponding to n choices of r, we will have n values of x giving a simulated sample of size n. Of course the above method is valid when the inverse function of F exists, which is true in the present case. To generate the value of X, it is necessary to know the parameters of the Pareto distribution and those are the constants in the Power laws already known from physical considerations. In the present work, in equation (7) lower limit of cluster mass is taken as M ecl,min instead of −∞, with f(x) = ξ ecl (M ) for sampling cluster masses.
The method of generating samples of stellar masses from a segmented power law is as follows:
where A and B are constants to be determined by equations (4) and (5). Now, to generate samples from the above power laws, we use a conditional cdf defined as follows:
In the same way,
We use the method of inversion to draw samples using these two conditional cdfs. Firstly when mmin < m < mc, we draw a random sample say u1 from a Uniform distribution, i.e., U(0,1) and equate it to
So that inverting it we get the expression for the sample m as
Thus when u1 = 0, m = mmin and when u1 = 1, m = mc. Similarly, when mc < m < mmax, we draw a random sample say u2 from a Uniform distribution, i.e., U(0,1) and equate it to
So that inverting it we get the expression for the sample m as Thus when u2 = 0, m = mc and when u2 = 1, m = mmax.
We simulate from F1(m) as long as the total mass of the embedded cluster is equal to the mass in the low mass regime (viz mmin < m < mc) and then we simulate from F2(m) for the high mass regime (viz. mc < m < mmax). The mass fractions for each embedded cluster in the low and high mass regimes are computed at the beginning for different mcs.
In the present work we have simulated random samples from various truncated power law and segmented power law distributions as follows.
(i) First we simulate a sample of embedded cluster masses following the normalized power law given in equation (7), where the maximum mass is computed at any particular z following equation (1) for different SFR (viz. SFR1, SFR2, SFR3 and SFR * ). The simulation is continued as long as the total mass of the parent clouds is less or equal to 30 percent of the total mass of the galaxy.
(ii) Secondly for each mass of a parent cluster we simulate a sample of stellar masses following the segmented power law (as discussed before) distributions, given in equation (2) at a particular value of z, so that the value of the characteristic mass, mc is prefixed at that value of z (refer to equation (6)). Each time a stellar mass is simulated, the total mass of the previous stellar masses is checked with the total mass of the embedded cluster and as soon as it exceeds the mass of the parent cluster, the simulation is stopped.
(iii) Finally the mass spectrum of all simulated fragment masses from all the parent clusters of the galaxy is computed and fitted by segmented power laws, to give the resulting form of the IGIMF.
(iv) The above procedure is performed at various SFR (viz. SFR1, SFR2, SFR3, SFR * ), redshifts z, M ecl,min and β respectively.
RESULTS AND INTERPRETATION
Tables 2 -5 and Figs. 5 -16 show the resulting IGIMF slopes, for stars in a galaxy which consists of segmented power laws with slopes, α1,IGIMF in low mass regime and α2,IGIMF in high mass regime for various values of SFR, β, M ecl,min and redshift z = 0.1 to z = 6.8 respectively. The following observations are envisaged.
(i) As z increases, α2,IGIMF becomes systematically rising up to z ∼ 2 and then starts falling. It is again rising from around z ∼ 4 and runs down around z ∼ 6. The effect is more pronounced for β = 2 and 2.4. For β = 2.6 the rise and fall are comparatively small (viz. Figs.5 -7 ). This might be explained as follows. Though from z = 0 -2 the SFR and hence M ecl,max are increasing (viz. equation 1), due to low temperature of the ambient medium Jeans mass does not favor formation of massive stars. That is why α2,IGIMF is taking higher values i.e. steeper slopes for z = 0 -2. But gradually due to the rise of temperature of the medium with increasing z, formation of massive stars predominates even for a comparatively lower but still moderate SFR and hence for moderate M ecl,max . This favors formation of massive stars which makes α2,IGIMF lower for z ∼ 2 − 4. The effect becomes reduced due to rapid fall of SFR at very high z (viz. z ∼ 4−6, Figs. 1 -4) increasing α2,IGIMF indices again.
(ii) As β increases, changes in the rising and falling of α2,IGIMF become faster. The effect is very pronounced for β ∼ 2 − 2.4. This is because, as β increases, the number of low mass clusters become higher compared to the number of high mass clusters. So the above mentioned effect becomes accentuated due to steepening of the mass function of embedded clusters (Fig. 6 ).
(iii) α2,IGIMF becomes flatter as M ecl,min increases when β is low. This is because when β is low, number of low mass clusters decreases and as a result massive star formation is favored compared to low mass stars. This results in the flattening of the slopes, α2,IGIMF in high mass regime. For higher values of β (> 2), number of low mass clusters increases which disfavors formation of massive stars and α2,IGIMF becomes steeper as a result.
(iv) α2,IGIMF is always flatter than the IMF slopes. This might be the joint effect of various star formation rates as well as increasing temperature of the environment with increasing redshifts. Up to z ∼ 2 the temperature of the ambient medium is lower compared to the higher redshift zone. Hence Jeans masses are lower. But at the same time SFR is increasing to its maximum increasing M ecl,max which favors over all formation of massive stars compared to IMF. On the other hand for z > 2, Jeans masses are higher and SFR gradually decrease lowering values of M ecl,max , hence increasing low mass stars. Somehow the joint effect of these two phenomena is responsible for a resulting flatness of α2,IGIMF . This is consistent with some observational results (Alonso et al. 2004; Finoguenov et al. 2003; Lowenstein 2006; Nayakshin & Sunyaev 2005) which indicate IGIMF to be top heavy (i.e. massive stars form in large numbers compared to less massive stars) when SFR 100 M⊙yr −1 . The above trend is also in good agreement for Galactic and M31 bulge (Ballero et al. 2007 ) as well as Wilkin et al. (2011) for present day mass density from cosmological star formation history. The trend for decreasing slope with increasing SFR has also been found by Gunawardhana et al. (2011) for a sample of 40000 galaxies. For z > 2, though the SFR decreases and formation of massive clouds are not favored, but still massive stars are produced in some optimum zone due to the increase in temperature of the medium so that m ′ c is shifted towards higher mass (i.e. a top heavy mass spectrum with steeper slope ) (viz. Figs.9 -16 ).
(v) The characteristic mass mc of stellar initial mass function differs from characteristic mass, m c ′ , of integrated galactic mass function. Generally mc m c ′ .
(vi) the above mentioned effects are similar for various measures of SFR though there are small variations. The measure SFR1 is the first quartile i.e. 25 % of the galaxies have SF R SF R1 and 75% of the galaxies have SF R > SF R1 i.e. we can say SFR1 is representative one for low SFR which is the characteristics of dwarf galaxies. On the other hand SFR3 is representative one of high SFR which characterizes giant galaxies. In this regard SFR2 is the measure of average SFR of galaxies. Now in dwarf galaxies due to its low SFR, formation of massive stars are not favorable in large numbers. Thus it is most likely that α2,IGIMF for SFR1 is rather steeper than that of α2,IGIMF for SFR2 followed by α2,IGIMF for SFR3. It is clear from Tables 2 -4 that α2,IGIMF for SFR1 > α2,IGIMF for SFR2 in 72 % -78 % cases for β = 2 -2.6 and α2,IGIMF for SFR2 > α2,IGIMF for SFR3 in 50 % -60 % cases for β = 2 -2.6. SFR * is the point of the SFR function where the function levels off from exponential to a shallower power law i.e. from this point the SFR does not vary much to the left i.e. for low SFR. So SFR * is sort of representative value of low SFR i.e. of less massive galaxies. α2,IGIMF for SFR * > α2,IGIMF for SFR2 in 67% -50 % cases for β = 2 -2.6. Therefore SFR1/ SFR * , SFR2, SFR3 might be representative star formation histories for dwarf, intermediate and giant galaxies.
CONCLUSION
In the present work the nature of observed star formation rate has been investigated (viz. SFR1, SFR2, SFR3 and SFR * ) as a function of redshift instead of empirical SFR, for various galaxies together with a top heavy stellar IMF whose characteristic mass increases with redshift. This helps to study the cosmic star formation history in galaxies. A Monte Carlo simulation method is used to find the IGIMF. It is found that the high mass slope of the galactic mass function becomes a function of star formation rate, temperature of the medium and cluster mass function. Up to a redshift of z ∼ 2, the galactic mass function becomes steeper compared to a flatter one for z > 2 followed again by a steeper one around z ∼ 6. This is due to the joint effect of SFR and temperature of the ambient medium. The galactic mass function is affected by the embedded cluster mass-spectrum . It is also influenced by the minimum mass of the parent cluster.
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